1. Introduction {#s0005}
===============

Excess visceral adiposity is associated with insulin resistance (IR), type 2 diabetes (T2D), atherosclerosis, hypertension and liver disorders ([@bb0050]). Adipose tissue, whose primarily function is to store energy in the form of triglycerides for release during starvation, exercise or infections, is also considered as an endocrine organ ([@bb0115]; [@bb0190]; [@bb0040]). In the constant presence of excessive nutrient influx, storage of the excess fat leads to obesity followed by progressive development of insulin resistance. Many pathways have been proposed to explain the molecular mechanisms involved in the development of insulin resistance ([@bb0250]). In general, metabolic stress can activate JNK and NF-κB signaling pathways in adipose tissues, liver and muscles either directly or indirectly through inflammation ([@bb0110]). A role for inflammation in metabolic syndrome was revealed by the observation that TNFα promoted insulin resistance in adipose tissues and that its neutralization improved glucose sensitivity in *fa/fa* rats ([@bb0120]). Since then, population studies have linked insulin resistance to systemic low-grade inflammation, as evidenced by increased levels of circulating C-reactive protein (CRP, an acute phase protein synthesized by the liver) ([@bb0275]). Others have found that the circulating levels of IL-1β and IL-6, inducers of CRP, are also increased in diabetic patients ([@bb0205]). The close relationship between inflammation and obesity is further supported by the striking decrease in circulating pro-inflammatory markers following bariatric surgery that results in important weight loss and dramatic improvements in metabolic functions ([@bb0100]; [@bb0215]; [@bb0015]; [@bb0210]; [@bb0065]; [@bb0035]).

While the role of inflammatory soluble mediators and cell types are relatively well characterized in pre-clinical models wherein various components of the inflammatory cytokine signaling pathways are genetically modified, the scenario in human adipose tissues is not at all clear ([@bb0140]). Moreover, despite the strong correlation of TNFα with T2D as reported in earlier studies ([@bb0120]), various anti-TNFα therapies failed to show consistent improvement in insulin sensitivity in patients ([@bb0085]; [@bb0090]; [@bb0225]; [@bb0245]). A large-scale prospective study of 27,000 individuals showed that plasma IL-6, in the presence of detectable levels of IL-1β was an independent predictor of T2D ([@bb0255]), while the expression of TNFα or IL-1β was not predictive of T2D.

Given the different outcomes in the above studies, we hypothesized that human obesity and T2D will show correlation with some or all of the inflammatory cytokines that have been implicated in inflammation associated with obesity. We undertook this study to obtain an integrated gene and protein expression profile of the various inflammatory cytokines and certain chemokines in visceral and subcutaneous adipose tissues obtained from obese patients undergoing bariatric surgery. Our results show that the cytokine expression profile in the tissues is highly variable and that 30% of obese patients do not express most of the inflammatory cytokines shown to be associated with metabolic syndrome in the adipose tissues. Furthermore, while the range of expression of cytokines was generally increased in the VAT from the obese group (BMI \> 30 kg/m^2^), it was not dependent on the diabetes status.

2. Materials and Methods {#s0010}
========================

2.1. Study Subjects, Adipose Tissue Specimens and Sera {#s0015}
------------------------------------------------------

Samples of visceral (omental; VAT) and subcutaneous (SAT) adipose tissue and serum samples were obtained from 89 Caucasian men and women who underwent bariatric surgery, and 13 women with a BMI \< 30 kg/m^2^ who underwent gynecologic surgery (control group), at Centre Hospitalier Universitaire de Sherbrooke through the adipose tissue bank established by Dr. MF Langlois ([Fig. 1](#f0005){ref-type="fig"}A). The SAT tissues were obtained at the site of incision in the abdomen. The sera were obtained 2 weeks (median 14 days) before the surgery when they were advised to follow a regimen of very low calorie diet before the bariatric surgery. We obtained the samples available in the BioBank without any specific cardiometabolic disease related exclusion criteria and the data available are derived from the medical chart except for height, weight and waist circumference that were measured by trained research personnel at the time serum was sampled. However, patients with cancer and other chronic inflammatory conditions were excluded. Most of the patients with diabetes (85%) were treated with metformin. Additionally some patients were treated with insulin (21%) or with other antidiabetic agents (50%). Approximately 75% of the obese diabetic patients were receiving treatment for hypertension. The control group consisted of patients who underwent non-inflammation-related gynecological surgery and whose BMI was \<30 kg/m^2^. Data on the menopausal state were not part of the collection criteria. Eleven percent (9/81) were menopausal, while the menopausal status was not known for 18% (15/81). The study group with BMI ≥ 30 kg/m^2^ were further subdivided into those who showed no clinical manifestation of diabetes, were pre-diabetic or were diabetic based on a pre-existing clinical diagnosis, fasting blood glucose levels, oral glucose tolerance test and/or glycated haemoglobin according to the criteria established by the Canadian Diabetes Association ([@bb0025]). BMI showed highly significant correlation with waist circumference ([Fig. 1](#f0005){ref-type="fig"}B). The BMI values of most patients in the three study groups was \>40 kg/m^2^ ([Fig. 1](#f0005){ref-type="fig"}C). Tissue specimens were immediately washed in saline buffer, snap frozen in liquid nitrogen and stored at −80 °C until use. The protocol was approved by the local ethics review board (Comité d\'éthique de la recherche du CIUSSS de l\'Estrie -- CHUS) and all subjects gave informed consent.Fig. 1Characteristics of the study population.A) The distribution of the study population based on their diabetes status. \# number of male samples in the group; \* values given in brackets represent the range - 25th to 75th percentile. B) Correlation between body mass index (BMI- kg/m^2^) and waist circumference (in cm). C) Distribution of waist circumference in the study population that is grouped based on their BMI and diabetes status.Fig. 1

2.2. Analysis of Gene Expression {#s0020}
--------------------------------

Total RNA from the adipose tissues samples was extracted using Trizol reagent (Invitrogen), following the manufacturer\'s instructions. cDNA was synthesized from 1 μg of RNA using QuantiTect Reverse Transcription Kit (Qiagen; Valencia, CA, USA). Quantitative RT-PCR amplification reactions were carried out using iCycler iQ™ (Bio-Rad, CA) PCR detection systems using iQ™ SYBR® Green Supermix kit (Bio-Rad). All reactions were run in duplicates along with no template controls for each primer sets. The list of primers used in this study is provided in Supplementary Table 1. All the tested primers showed 90--100% efficiency with single melting curve. Quantitative PCR data were analyzed by Ct method with a tolerated coefficient of variation of less than or equal to 10%. LPR10 and GADPH were used as housekeeping genes and their values were comparable (SFig. 1). Futher analyses were carried out with LRP10 as the housekeeping gene ([@bb0160]). As the quantity of the tissue available from the control group (BMI \< 30) was very low, it was not possible to analyze the expression of all the cytokine genes in these samples.

2.3. Protein Extraction {#s0025}
-----------------------

Proteins were extracted from frozen tissues by homogenizing in RIPA buffer containing protease inhibitors as described previously ([@bb0145]). Adipose tissue chemokines and cytokines protein were measured using multiplex assays (Multiplex Immunoassay analyzed with a Bioplex 200 using Millipore MILLIPLEX, EveTechnology, Alberta, Canada). As the lipid content can be different from one AT specimen to another, the cytokine proteins were expressed relative to the protein extracted, rather than in relation to the weight of the adipose tissue. This normalization method is similar to the analysis of cytokine gene expression which is normalized to housekeeping genes. In total we analyzed between 8 and 13 samples from each group for protein expression. Serum samples were analyzed for the presence of hsCRP using the kit from Origene Technology (Cederlane, Missisauga, Canada).

2.4. Statistical Analysis {#s0030}
-------------------------

The data obtained were expressed as mean or median with range values. Statistical analyses were performed using GraphPad Prism 6.0 (GraphPad Software, Inc.; San Diego, CA, USA). Data are analyzed by one-way ANOVA with Kruskal-Wallis test (significance *p* \< 0.05) followed by Dunn\'s post test for multiple comparison. Correlation tests were performed by linear regression test and by non-parametric Spearman\'s rank correlation test where p \< 0.05 was the threshold of significance. As the sample size was \<20 in any given group, normality test was not applied ([@bb0080]; [@bb0295]).

3. Results {#s0035}
==========

The cytokines and chemokines that were analyzed in this study were broadly categorized into cytokines associated with the innate immune system, adaptive immune system and cytokines known for their anti-inflammatory role in obesity and insulin resistance based on reported findings from animal models ([@bb0280]; [@bb0200]). We did not observe any significant difference in the levels of these proteins in the sera between controls and obese patients (SFig. 2). Similarly, the hsCRP levels were not significantly different between the control and obese groups (SFig. 3). Therefore we did not pursue the analysis of the sera in additional samples, and focused on adipose tissue specimens.

3.1. Inflammatory Cytokines in Adipose Tissues of Obese Patients {#s0040}
----------------------------------------------------------------

The expression of select pro-inflammatory cytokines, which have been shown to be associated with human obesity ([@bb0140]), was analyzed at the gene and protein level in adipose tissues. Even though IL-6 protein showed elevated concentration in the VAT of obese patients (BMI ≥ 30 kg/m^2^), it was not significantly different from the BMI \< 30 kg/m^2^ group, nor was it different among the non-diabetic, pre-diabetic and diabetic subgroups within the BMI ≥ 30 kg/m^2^ cohort ([Fig. 2](#f0010){ref-type="fig"}A). In contrast to VAT, SAT of the obese patients showed significantly diminished IL-6 compared to the values obtained for the control group. On the other hand, TNFα and IL-1β were barely detectable in the visceral and subcutaneous adipose tissue depots in both the control (BMI \< 30 kg/m^2^) and obese (BMI ≥ 30 kg/m^2^) groups ([Fig. 2](#f0010){ref-type="fig"}C and E). Apart from IL-6, we did not observe any significant difference in the concentration of other inflammatory cytokines such as IL-12, IL-15, IL-17, IL-1α and IFNγ between BMI \< 30 kg/m^2^ and BMI ≥ 30 kg/m^2^ cohorts (SFig. 4). Again, there was no significant difference between controls and obese patients in the visceral or subcutaneous adipose tissues.Fig. 2Expression of IL-6, TNFα and IL-1β in adipose tissues.Protein and gene expression of IL-6, TNFα and IL-1β in the visceral and subcutaneous adipose tissues. Protein expression: *n* = 10 BMI \< 30 kg/m^2^; *n* = 14 no diabetes BMI ≥ 30 kg/m^2^; *n* = 13 pre-diabetes BMI ≥ 30 kg/m^2^; n = 14 diabetes BMI ≥ 30 kg/m^2^. Gene expression: n = 10--11 BMI \< 30 kg/m^2^; *n* = 30--35 no diabetes BMI ≥ 30 kg/m^2^; n = 13--14 pre-diabetes BMI ≥ 30 kg/m^2^; n = 30--40 diabetes BMI ≥ 30 kg/m^2^. \* *p* \< 0.05 Kruskal-Wallis test. BMI \< 30 kg/m^2^ vs pooled BMI ≥ 30 kg/m^2^ and BMI ≥ 30 kg/m^2^ diabetes group. \*\**p* \< 0.0001 Kruskal-Wallis test. BMI \< 30 kg/m^2^ vs pooled BMI ≥ 30 kg/m^2^, BMI ≥ 30 kg/m^2^ no diabetes and BMI ≥ 30 kg/m^2^ diabetes group. Other than for the indicated groups, the differences were not significant.Fig. 2

To rule out the possibility that the expressed cytokines degraded to a variable extent in healthy and diseased adipose tissues or not adequately extracted, we analyzed their gene expression in VAT and SAT ([Fig. 2](#f0010){ref-type="fig"}B, D, F; SFig. 5). The expression of *IL6, IFNG, IL15*, *TNFA* and *IL15RA* did not show any statistically significant differences between the controls and obese patients. On the other hand, expression of the *IL1B* gene was significantly increased in the obese group compared to the controls in VAT, although only the non-diabetic and diabetic subgroups within the BMI ≥ 30 kg/m^2^ group showed elevated *IL1B* expression but not the pre-diabetic subgroup. SAT of obese patients did not show increased *IL1B* expression. Next we carried out correlation analysis between the protein and gene expression for each cytokine to determine whether the proteins were mostly produced in situ. The gene and protein expression for IL-6 showed a significant, but low positive correlation in the VAT and in the SAT (SFig. 6). The gene and protein expression for IL-15 showed low positive correlation in the SAT, while no such correlation was observed for TNFα or IL-1β in either of the AT depots.

3.2. Expression of Cytokines That Modulate Insulin Sensitivity {#s0045}
--------------------------------------------------------------

Pre-clinical murine models have established the paradigm that cytokines involved in a Th2-like response (IL-4, IL-13) and Tregs play a beneficial role in preventing the development of insulin resistance ([@bb0150]). In rheumatoid arthritis patients, inhibition of IL-1β signaling using IL-1RA, antibodies targeting IL-1 or its receptor have shown an improvement in the insulin resistance ([@bb0055]; [@bb0010]). IL-4 and IL-1RA concentrations were not different between the different groups ([Fig. 3](#f0015){ref-type="fig"}A, C, E). The *IL4*, *IL1RA* and *IL10* transcript levels indicate that these genes were expressed at levels comparable to that of the housekeeping gene in visceral and subcutaneous samples from most of the obese patients and did not show any significant differences between the groups ([Fig. 3](#f0015){ref-type="fig"}B, D, F). These observations indicate that 'anti-inflammatory' cytokines are expressed as much as 'classical' inflammatory cytokines in the VAT and SAT from obese individuals.Fig. 3Expression of IL-4, IL-10 and IL-1RA in adipose tissues.Protein and gene expression of IL-4, IL-10 and IL-1RA in the visceral and subcutaneous adipose tissues. Protein expression: (*n* = 9 and 8) BMI \< 30 kg/m^2^; (*n* = 12 and 13) no diabetes BMI ≥ 30 kg/m^2^; (*n* = 11 and 9) pre-diabetes BMI ≥ 30 kg/m^2^; (n = 10 and 12) diabetes BMI ≥ 30 kg/m^2^. Gene expression: (n = 10and 11) BMI \< 30 kg/m^2^; (n = 30 and 35) no diabetes BMI ≥ 30 kg/m^2^; (n = 13 and14) pre-diabetes BMI ≥ 30 kg/m^2^; (n = 30 and 40) diabetes BMI ≥ 30 kg/m^2^. (VAT and SAT). None of the data was statistically significant.Fig. 3

3.3. Expression Pattern of Cytokines in Adipose Tissues {#s0050}
-------------------------------------------------------

The data presented so far show that approximately one-third of the obese patients do not express or only express very low levels of protein or transcripts for any given inflammatory cytokine in VAT and SAT. As murine models have implicated numerous pro-inflammatory cytokines in promoting chronic inflammation in obesity, it is not unlikely that the expression profiles of these mediators could vary widely among patients, with the sum of their effects nonetheless leading to the same outcome. Hence, it is possible that the expression of any one of the pro-inflammatory cytokines could tip the balance towards the pro-inflammatory process. Therefore we analyzed some of these cytokines levels in the VAT and SAT of the same patient or control subject, which are indicated by the same color in [Fig. 4](#f0020){ref-type="fig"}. A continuous line joins the data obtained for a given patient to facilitate visualization of the expression pattern. Some of the salient features that are evident from this analysis are as follows: 1) the cytokine levels vary between the VAT and SAT of the same patient. 2) The quantity of a given cytokine in VAT or SAT is generally comparable among the samples within the group. 3) Inclusion of additional samples did not change the expression patterns in VAT or SAT (SFig. 7). However, we do not exclude the possibility that obese patients may express other inflammatory cytokines that were not included in our study.Fig. 4Expression patterns of select cytokines in the visceral and subcutaneous adipose tissues.Expression pattern of the indicated cytokines in the visceral and subcutaneous adipose tissues from a given patient. A line of a particular color in both the depots indicates data from each patient. The points have been joined for easy visualization.Fig. 4

Similar patterns were observed for the mRNA levels of the cytokines studied (SFig. 8). A considerable proportion of obese patients expressed very low level of transcripts for *IL1B*, *IL6* or *TNFA*, cytokines that have been generally associated with obesity-induced chronic inflammation. Assuming the mRNA expression levels observed in the adipose tissues of non-obese non-diabetic controls as 'normal', we assessed the proportion of obese patients who express the above cytokines at levels similar to that observed in the control group. As shown in [Fig. 5](#f0025){ref-type="fig"}A, the relative level of expression of *IL1B*, *TNFA*, *IL6* and *IL15* was less than '5' in the visceral adipose tissues (except in 2 visceral adipose tissue samples for *TNFA*). Using the value 'relative expression 5' as an arbitrary cut off value, we determined the percentage of samples that had values greater than '5' in the VAT of obese group. Also, we determined the proportion of obese samples where the expression of these cytokines was less than '5' (designated as 0), expressed at least 1 (designated as 1) or \>1 (designated as 1+) greater than '5'. Among the 4 cytokines included in the analysis, data obtained using *IL1B* as the indicator were more informative than that of *IL6*, *TNFA* or *IL15* ([Fig. 5](#f0025){ref-type="fig"}B). In tissue samples where the relative expression of *IL1B* is \<5, the expression levels of *IL6*, *TNFA* and *IL15* were also less than '5' in about 60% of the patients ([Fig. 5](#f0025){ref-type="fig"}C). In contrast, \>60% of the patients express 1 or more inflammatory cytokines even if they express less than '5' units of *IL6*, *TNFA* or *IL15* ([Fig. 5](#f0025){ref-type="fig"}C). Approximately one-third of the obese patients expressed all the four cytokines analyzed at levels similar to those of controls in the VAT (relative expression \< 5; [Fig. 5](#f0025){ref-type="fig"}C-Total). Another 30% of the samples showed values \>5 for only one of the 4 cytokines analyzed. Expression levels of *IL18*, *IL4* and *IL10* did not contribute much to this classification (SFig. 8), and hence were not included in this analysis. These observations suggest that a significant number of patients do not express *IL1B*, *IL*6, *TNFA* or *IL15* at the level of RNA. Furthermore, the presence of hsCRP in the serum does not reflect the status of inflammatory cytokines in the visceral adipose ([Fig. 6](#f0030){ref-type="fig"}).Fig. 5Expression patterns of select cytokine genes in the visceral and subcutaneous adipose tissues.A) Expression pattern of the indicated cytokine genes in the visceral adipose tissue. Each unique dot represents the same sample for the 4 genes in any given particular group. B) Data of pooled BMI ≥ 30 were grouped based on the relative expression of *IL1B* (\<5 or \>5) or *IL6* (\<5 or \>5) and the number of samples is indicated. C) The proportion of patients who express none (0; yellow), one (1; orange) or more than one (1+; blue) of the 4 cytokines included in the analysis is represented. In addition to *IL1B* and *IL6*, data for *IL15* and *TNFA* is presented. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)Fig. 5Fig. 6Heatmap of the *IL6* and *IL1B* expression in the tissues with hsCRP expression in the serum of obese patients.Gene and protein expression of IL-6 and IL-1β in the visceral and subcutaneous adipose tissues were correlated with the presence of hsCRP in the serum in individual obese patient samples, denoted by the number in the left. 'X' refers to the absence of data. Black color denotes samples that were above the range used.Fig. 6

3.4. The Expression Pattern of Select Chemokines in Adipose Tissues {#s0055}
-------------------------------------------------------------------

Obese individuals show increased presence of certain chemokines that are implicated in the recruitment of macrophages to the inflamed adipose tissues in circulation or in the visceral adipose tissue ([@bb0290]; [@bb0285]). We analyzed the expression of select chemokines that have been associated with obesity in humans or in mouse models. In general the expression of chemokines was higher in the VAT when compared to SAT (SFig. 9). However, the range of expression was comparable between the controls and obese patients and did not show any significant difference. Relative expression of *CCL2*, *CCL5* and *CXCL10* was not different between the groups (SFig. 10A). Curiously, the expression of *CCL2* and *IL6* showed positive correlation in the VAT at the level of gene expression (SFig. 10B). Similarly, CCL2 showed significant correlation with IL-6 and TNFα in the VAT. CXCL10, a chemokine that is induced by IFNγ in different cell types and is involved in recruiting immune cells showed significant correlation with IFNγ, IL-6 and TNFα in the VAT at the level of protein expression (SFig. 10C). During inflammation, CCL2 recruits macrophages to the site of inflammation. Thus it is possible that IL-6 and TNFα are produced by macrophages recruited in the visceral adipose tissues. Even though *CD68* gene, a marker for macrophages showed significant positive correlation with *IL6* in the VAT and SAT and with *TNFA* in the SAT (SFig. 11), the number of samples contributing to this correlation was not high. These observations suggest that cytokines and chemokines can be produced in situ or can be available from circulation in AT.

3.5. VEGF-A and PDGF-BB Expression Correlates With the Expression of Inflammatory Cytokines in VAT {#s0060}
--------------------------------------------------------------------------------------------------

In obese patients, the adipose tissue mass can lead to hypoxia as a consequence of insufficient vascularization. Vascular endothelial growth factor A (VEGF-A) produced by the endothelial cells can increase the vascularization of adipose tissues ([@bb0030]). Here we observed that the range of expression of VEGF-A and PDGF-BB was not significantly different between controls and the obese samples (SFig. 12). However, VEGF-A showed significant correlation in the VAT with IL-1β and IL-15, to a lesser extent with TNFα, but not with IL-6 (SFig. 13, Top Panel). On the other hand, PDGF-BB showed significant correlation with IL-6 and TNFα in the VAT. However, the pattern was completely different in the SAT (SFig. 13, Bottom Panel). VEGF-A, PDGF-BB and PDGF-AA showed significant negative correlation with IL-6, while TNFα and IL-1β showed positive correlation with VEGF-A. Thus the relationship between the growth factors and inflammatory mediators are different between the two adipose tissue depots.

4. Discussion {#s0065}
=============

Despite the extensive characterization of mechanisms by which inflammatory cytokines promote insulin resistance and adipose tissue dysfunction, targeted immunotherapies have not yielded any positive outcome in human metabolic syndrome ([@bb0190]; [@bb0055]). One of the main reasons could be that we do not have a comprehensive understanding of the cytokine profile in the tissues of obese patients. To our knowledge, our study is the first report where many of the cytokines have been analyzed simultaneously in the VAT and SAT of obese patients for both gene expression and protein levels. We failed to identify cytokine profiles that specifically relate to obesity in adipose tissues obtained from patients undergoing bariatric surgery. In fact, the results presented in our study highlight the complexity of the cytokine profile in the AT of obese patients and suggest that our current views on the relationship between cytokines and obesity/metabolic syndrome are more complex than what we understand from murine models ([@bb0235]). Our data suggests that the chronic inflammation associated with obesity cannot be attributed to any particular cytokine, but rather may vary from patient to patient. In general our data suggest that in obese patients the expression of cytokines is higher in the VAT when compared to SAT, but notably, is independent of the diabetes status of obese patients. Paradoxically, the classical pro-inflammatory cytokines such as IL-1β, TNFα and IFNγ were present at very low levels (0--10 pg/mg of tissue) largely comparable to the 'classical anti-inflammatory' cytokines such as IL-4, IL-10 or IL-1RA ([Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}). As these 'anti-inflammatory' cytokines have also been shown to be associated with obesity and insulin resistance in humans ([@bb0135]; [@bb0130]; [@bb0265]; [@bb0045]), it is possible that they also contribute to the inflammation observed in the AT. The alternate explanation is that the presence of these cytokines in AT may contribute to certain degree of protection from insulin resistance by recruiting eosinophils and Th2-like cells as suggested in animal models ([@bb0150]).

The influence of weight loss on the expression of certain IL-1 family of genes (*IL1B*, *IL1RA*, *IL37* and *IL18* in subcutaneous fat pad and the liver) were compared before and 6 months after gastric banding surgery ([@bb0175]). Transcripts for *IL1B* were decreased in the liver and SAT while *IL18* was decreased only in the liver 6 months after surgery. *IL1RA* was decreased in liver and the expression of *IL37* was increased in the SAT. However, the contribution of IL-1RA to the inflammatory process and insulin resistance is not clear as IL-1RA can, by itself promote insulin resistance ([@bb0230]). These observations highlight the fact that expression of inflammatory markers does not follow a specific pattern between different organs associated with metabolism.

IL-6 appears to be produced in situ in the VAT, as evident from the significant correlation between IL-6 gene and protein expression. Adipose tissues are the major producers of IL-6 in the humans ([@bb0170]). In addition, IL-6 regulates central obesity by regulating energy expenditure ([@bb0260]). The significant correlation of CCL2 with TNFα and IL-6 at the level of transcripts and protein expression in the VAT suggests that the macrophages recruited to the VAT may be the source of some of these cytokines. Similarly the correlation between CXCL10 and IFNγ at the protein level suggest that the CXCL10 that is primarily induced by IFNγ can also be involved in the recruitment of macrophages ([@bb0095]). However, the quantity of the tissue available precludes the isolation of macrophages to explore those possibilities. We cannot exclude the possibility that the cytokines can be available from local circulation as omental fat has lymphoid follicles ([@bb0165]) that can be a source of the cytokines detected in the VAT. It is not clear whether the slight increase in the tissue concentrations of certain inflammatory cytokines will contribute to their levels in circulation. In the samples used in this study, we have minimal evidence that the inflammatory cytokines are present in systemic circulation. In contrast to VAT, IL-6 levels were decreased in the SAT of patients with BMI \> 30 and did not show any significant correlation with *CCL2* or *CD68*. The significance of this observation is not clear at present, but again it is a clear illustration of the differential cytokine expression pattern between VAT and SAT. Recently VEGF-A has been shown to increase 'browning' in SAT ([@bb0220]). Despite the induction of VEGF by hypoxia in VAT from obese patients, equivalent vascularization was not observed ([@bb0075]). In another study, analyses of a comparable panel of cytokines in the sera of patients with metabolic syndrome revealed significant differences for PDGF-BB only ([@bb0270]). The correlation between VEGF-A, PDGF-BB and inflammatory cytokines in the VAT suggests that hypoxia induced inflammation may be present concomitantly with these growth factors. As mentioned above, it is equally possible that during the establishment of obesity the balance between the inflammatory mediators on one hand, and the anti-inflammatory mediators and these growth factors on the other, may determine whether chronic inflammation sets in or the adipose tissue expands with sufficient vascularization to result in 'healthy obesity' ([@bb0030]).

Unlike previous studies where only 1--3 cytokines were analyzed, recently 2 groups had analyzed the sera of obese patients for 12--24 analytes ([@bb0270]; [@bb0005]). Azizian et al. reported significant difference for only CCL2 while Tisato et al. observed an increase in CXCL10 and IL-6 and a decrease in PDGF-BB in the sera of patients with metabolic syndrome. These 3 studies (including this study) were carried out in 3 different geographical settings (Iran, Italy and French Canada). The ethnicity and the associated genetic profile, the dietary and cultural differences and the environmental differences due to the geographic location of the patients analyzed in these 3 studies can make the comparison between the studies difficult. Furthermore, our study shows that the two adipose tissue depots do not reflect the same trend in a given patient neither at the level of gene transcripts or the protein expression. The variations between these studies may be actually reflecting the existing reality which may be a complex mosaic of cytokine profiles in different populations. Thus the metabolic syndrome associated chronic inflammation observed in obese patients can be due to any one of the various inflammatory mediators, that may also evolve with the disease. The more important challenge will be to identify the inflammatory mediators in a given patient before it can be targeted. Thus even if chronic inflammation contributes to the development of obesity and the associated metabolic syndrome it is extremely difficult to pinpoint the source of inflammation and its progression over time. One of the salient observations in our study is that the ranges of transcript levels for *IL1B*, *TNFA*, *IL6* and *IL15* are similar to that of non-obese controls in 20--30% of the obese patients. While it is possible that other mediators may be implicated ([@bb0070]), it is equally possible that inflammation is not present at all times during progression and persistence of obesity. It is also possible that different subphenotypes with diverse degrees of metabolic derangements, that may or may not be associated with inflammation can be present ([@bb0185]). The major limitation of our study is that we used adipose tissues from patients undergoing bariatric surgery. Additionally, obese patients with type 2 diabetes were treated with metformin and other medications. It is possible that the level of inflammatory cytokines is reduced as a consequence of the medication in the obese diabetic patients ([@bb0020]). In addition to inflammatory changes we cannot rule out the contribution of obesity associated changes in gene expression that directly affects lipid metabolism ([@bb0195]). Further studies are needed to determine whether inflammation influences these changes. Nevertheless, comparable distribution of the cytokine profile in the three obese groups suggests that the lack of significance cannot be attributed to this variability. Analysis of the status of the inflammatory cytokines before and after surgery would have added value to the analysis as shown by others ([@bb0035]).

As the patients undergoing bariatic surgery are advised to follow a low calorie diet regimen for 2 weeks to reduce their hepatic lipid content, it is not clear how this might influence the inflammation in AT. Two weeks of very low calorie diet regimen is sufficient to decrease inflammatory markers in SAT and diminish the levels of hsCRP in circulation ([@bb0180]; [@bb0105]). However, certain reports have shown that the inflammation is not reduced in the adipose tissues following weight loss ([@bb0240]). Reduction in *TNFA* transcripts in the adipose tissues was observed 6 weeks after calorie restriction ([@bb0125]). As the serum samples were collected at the start of the reduced diet regimen, our data suggests that the inflammation may not be uniform across patients. Various clinical trials that had targeted specific components of the inflammatory processes have not resulted in increasing insulin sensitivity as seen from HbA1c and blood glucose levels ([@bb0060]; [@bb0155]). Additional controlled studies are required to identify the cytokine that contributes to the chronic inflammation in a given patient and tailor the therapy accordingly.
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